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Summary:
The photon pair production process in proton collision is discussed as a
complementary process to the Drell-Yan process in the context of TMD-
factorization. It is argued that gluon TMDs can be extracted from photon
pair production at RHIC. Estimates are given for the gluonic Boer-Mulders
and Sivers effects.
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Photon Pairs from qq-channel

Parton model tree-level at O(a_°) — quark-TMDs!
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Main result of the TMD tree-level formalism:
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Gluon TMDs in photon pair production

Gluon TMDs in pp-collisions Gluon TMDs in Heavy-quark
with colored final state: production in ep-collisions:
e e
o]
TMD-Factorization (?) Wait for EIC

Feature of photon pair production — direct sensitivity to gluon TMDs at O( 32)

* No colored final state
% i . o
» Box diagrams finite
+ +
i  Potentially large gluon distributions
—»—k « New Observables, e.g. Cos(4¢)
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Unpolarized Cross Section

Six structures for the unpolarized cross section (qT << Q)
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:FL- . non-trivial functions of sin(8) and cos(8) (Logarithms)

100 v I I AR P - qq singular for 8 — 0,
= — p. (or B)-cuts for each photon

BM
— <l1>
EE

1=- jjjjﬁjﬁﬁ: - cos(4¢) induced by gluon BM- functions,
— no corresponding quark / DY term.

— — <cos(40)>,,
E - powerful in combination with DY
— even gluon TMD f_unknown.

- cos(2¢) determines sign of gluon BM-function.
- Same angular structure found in collinear
resummation formulas for higher qT.
(Balazs et al., Catani & Grazzini)

LHC: Dipnhotons — main channel for Higgs-rrod.
— Background process: diphotons via quark-box ’:} ----- e
— gluon TMD (unpol., BM) feasible
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(Maxirmal) Gluonic BM-effect at RHIC

Estimates at RHIC (S” = 500 GeV) — Gluon (and Quark!) TMDs unknown at RHIC energy

Saturation of Positivity bounds:
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Gaussian Ansatz;

Q/Q(I kT) q/g( )e kT/<k?Fq/g>

Further assumption:
(k7 ) = (k7 4) = 0.5 GeV?

P_-cut for photons:

Y > 1GeV
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— gg: -(BM)

— gg: <cos(20)>

— gg: <cos(40)>
qq: £, £,

— - qq: <cos(20)>

= DY: f f

= DY: <cos(2¢)>

» Gluons at midrapidity, quarks at large rapidity
« BM-contribution to ¢-indep. CS small
e <cos(49)> < 1% (depend. on saturation)
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Gluonic Sivers-effect at RHIC

Four structures for the ¢-indep. transv. Single-Spin Asymmetry
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y
 Sign of Sivers function not predicted by positivity — quark and gluon effects could add.
 Gluonic effects at midrapidity, quark effects at large rapidities.
 Effects by gluon transversity / pretzelosity small.
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